HP-CAST, November 15, 2014
Dr. Ronald Young

What Will Limit Performance When Floating Point Operations are Free?

HP SL270 Server with (8) NVIDIA K40m GPUs — [Matrix]Warrior benchmark

Performance (Gflops)

Routine

CPU(0%)

Matrix Multiply

All |CPU's|GPU 0|GPU 1|GPU 2|GPU 3|GPU 4|GPU 5|GPU 6|GPU 7

Machine Flops

DEC VAX 1978 97,000 | $2,000,000,000
(8) NVIDIAGPUs | 2014 | 9,430,000,000,000 $10
Ratio ~100,000,000 ~200,000,000
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Computer Evolution
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Limited by Floating Point & Storage
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Reuse Efficiently linking slower input to faster requirement

* Reuse = Number of times a data
element is used in a computation.

Old machines: Low Reuse 1/Sec. @——f - ------- >

New machines: High Reuse 1/Sec. @——t------ ﬁ>

Just an example: can be much higher than 10 Reuse = 10

cache
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Computer Evolution

Early Machines Memory
Limited by Floating Point & Storage
Processing speed = Memory speed | — ¥ - - r
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I
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Computer Evolution
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Computer Evolution

Early Machines Memory
Limited by Floating Point & Storage
Processing speed = Memory speed | — v-v-
1 |Cache] GPU
I
RISC Processor | [ Registers
I
\1, : ALU¢'( )
i _ *+
Hierarchical Memory Systems Ve

Processing speed >> Memory speed

—

g

v

Low Reuse Migrate High Reuse
Limited by Memory Bandwidth Limited by Floating Point
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BLAS 1 Reuse
When M=N=K mmmm

DDOT 2N+1 2N

OC;

C(N,N) . A(N,N) B(N,N)
DO 30 J=1,N F_l()& — 2N ~ 1
DO 20 I=1,M Data (2N+1)

DO 10 L=1,K
Cc(1,J) = A(I,L)*B(L,J)
10 CONTINUE
~—20 CONTINUE
30 CONTINUE
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BLAS 2 Reuse
mmmm

DDOT 2N+1
2 DGEMV  N2+2N  2N? 2

C(N,N) CA(NN)  B(N,N)

DO 30 J=1,N F_l()& — 2N° ~ 2
DO 20 I=1,M Data (N2+2N)

DO 10 L=1,K
C(I,J) = A(I,L)*B(L,J)
10 CONTINUE
20 CONTINUE
30 CONTINUE
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BLAS 3 Reuse
mmmm

DDOT 2N+1

I
N

DGEMV  N2#2N  2N2 2
3 DGEMM 3N2 2N3  2N/3

C(N,N)

CANNN) - B(NN)

Flops _ 2N3 _ 2N

DO 30 J=1,N - -
5 ) e Data 3N? 3
DO 10 L=1,K
C(I,J) = A(I,L)*B(L,J)
10 CONTINUE
20 CONTINUE
30 CONTINUE
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Reuse — Small Data
mmmm

DDOT 2N+1

[D]:[D][D] 2  DGEMV N22N  2N2 2
3  DGEMM 3N?2 2N3  2N/3

C(N,N) CANN)  B(N,N)

System Memory

{ {

CPU
GPU
Cache
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Reuse — More Data
mmmm

r\r\n'r
|~ =g

B]-[B]E] s
3  DGEMM 3N2 2N3  2N/3

C(N,N) CA(N,N)  B(N,N)

System Memory

{ {

CPU
GPU
Cache
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O

C(N,N)

Reuse — Big Data

r\r\n'r

IIJ

O

O

“A(N,N)

B(N,N)

3 DGEMM  3N?2

2N3

System Memory

N

{

{

2N/3

Disk \

CPU

Cache

GPU
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Application Reuse

Discretization

1. Domain is divided into a large number of pieces.

2. Equations are formed for each piece [a], {b}

3. Pieces are assembled into a global system of equations
[A{X} = {B}

4. The system is then solved for the solution {X}

More pieces gives better answer

More pieces = more data and processing

~ Machine (speed, storage) determines accuracy
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| OW reuse

Initial {X}

=

Compute Error {E},
{E} = [Al{X.} - {B}

|

Update {X}
X} = {X4} - o{E}

Solving [Al{X}={B} Explicitly

(+) Minimum data

(-) Low reuse: BLAS 2

(-) Indirect addressing
(-) Limited by memory size
(-) Many iterations

B (-) Convergence risk

(-) Data dependent

(-) Unpredictable run times

{E} [A] {X}{B} (-) Multiple solutions

(-) Stability -> small increments

FMSIlib.com - Solves BIG Problems



High reuse

Factor [A]
Symmetric

[LI[DI[L]"

Nonsymmetric

[L][V]

L2

Solving [Al{X}={B} Implicitly

(-) Fill data

Solve
Symmetric

[LI[D]I[L]" {X}={B}

Nonsymmetric

[L1[V] {X} = {B}

[A] {x} {B}

WORM

Disk
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High reuse: BLAS 3
Incremental addressing
One iteration

No convergence risk
Data value independent
Predictable run times
Multiple solutions

Unconditionally stable

Solid State Disk (SSD)

and

Shingled Magnetic Rec.(SMR)



Hardware Reuse

VAVARRY *
(6)(8)/2 = 24 Bytes/flop % %

Fused Multiply-Add Dot Product

2008: IEEE 754 (2)(8)/2 = 8 Bytes/flop
(4)(8)/2 = 16 Bytes/flop
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Hardware Reuse

FPS-164
Scientific Computer
— Floating Point Systems Specifications
oe - EFE
Cc {A} B} FRE
B

Al B
V| ¥

*

c
+
Floating Point Systems 164

Vector Dot Product

First 64-bit accelerator
First version of FMSIib

(1)(8)/2 = 4 Bytes/flop
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Hardware Reuse

- -
ch _ {. 1}
e, ~
A
¢ — ol - {B} Broadcast
{B} ¥
A B A A
vl ¥
* % *
¢ Cy Ch
® 60
¥ * «—N—> '
Vector Dot Product Parallel Vector Dot Product FMSITD Accelerator
(1)(8)/2 = 4 Bytes/flop (1/N)(4) = (4/N) Bytes/flop
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Migrating to High Reuse

Low Reuse
Applications

Compiler

Low Reuse
Hardware
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Migrating to High Reuse

Low Reuse 2. High Reuse
Applications Applications
1. Generic
Compiler High Reuse Compiler
Libraries
Low Reuse 3. High Reuse
Hardware Hardware
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Migrating to High Reuse

Low Reuse [Matrix]
Applications Warrior
Compiler FMSlib Compiler
Low Reuse HP SL270
Hardware 8-GPU Server
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Explore Reuse

Download and run [Matrix]Warrior, an application
which benchmarks and demonstrates FMSlib

[Matrix]Warrior
FMSlib

« Form [A], {B} with test data

« Use FMSIib to solve
[AI{X}={B}

« Display reports as WEB pages

e

E \] :-tll ix | Warrior Pmredm FMStib
Performance Analysis for Sabrontine CNDF ;@ Time wsed=24:57

COMPLETED
1% Ot FrsT wm o
.Pn:fomnncr fﬂﬂaps,l
Routine | an |cpus|cpu ojru 1|Gpu 2jGPu 3|GPu 4]GPU s|GPU 6lGPU 7

.5 S O

BRRPERl 1| 235]1051|1054]1046] 1063 1046] 105] 1039 1047
et - G R A R I

Routine Overall

Routine Al |CPUs | GPU 1| GPU 2| GPU 3| GPU 4| GPU 5| GPU 6 GPU 7| GPU &
Matrix Multiphy| 671| 600 645] 642 651 &40| 657| 653) 665 650

Triangle Solve | 312] 263) 301 300 302] 267] 302] 300) 4| 0
Disgonal Factor| 58| 13 B L ] ] 9 91 W] 10
Total Compate |1080] &74) OSM| 930 93] 48] 568] ®62] 979 961

L0 wait 267

Oiher 150

Overall 1457

Times and Problem

Job Started 0|0745:37 Sat han 07 2004 | Equations 150000
Houtine Started 131| 074749 Sat han 07 2004 | Vctors 0
Current Time 1625 | 08:12:46 Sat Jan 07 2014 | Block Size | 38400 X 35400
Estenated Completion| 1628 | 08:12:46 Sat Jen 07 2014 | Data Type | Comples

L0 Compure Ratio

Compute Rate ((flops) | 8331

Read Rate (MBwieaSec)| 809

(e 76800 Reuse (Disc->Memory) = 76800
|10 Compute Rasio 0.3

Page updated 64 tmes: Autceatically refreshed every 21 sec.: Last Updated 03:1 2:46 Sat Jun 07 2014

Copright © 2014 Matipath Corporation
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Q: What Will Limit Performance
When Floating Point Operations are Free?

1. Compiled low reuse software
2. Lack of generic high reuse libraries

3. Lack of high reuse hardware
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DESCRIPTION

Solver o

WHY GPUS?

S WHY DISKS?

APPLICATIONS

||
I I SI I b CO I l World's fastest solutions for BENEFITS
|

FEATURES

More Information:

EASE OF USE

BENCHMARKS

MANUAL CONTACT

FREE Download
. . FREE: [MATRIX] WARRIOR FMSLIB
[Matrix]Warrior PRESENTATIONS

HP-CAST

T h | S P re S e n t a t | O n : Nov 15. 20151 | What Will Limit Performance When Floating Point Operations are Free?

NVIDIA GTC Technology Conference

. Mar 21,2013 | Benchmark your GPUs with MatrixWarrior
NVIDIA GTC Presentations ’
May 17, 2012] | Teraflop GPU Acceleration Of Large Matrix Algebra




